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| NTRODUCTI ON

The Pacific salnmon (Oncorhynchus spp.) and steel head (Q.

nykiss) resources of the Colunbia Basin have historically supported
a large fishery with inmportant economic and recreational benefits to
the people of the Pacific Northwest. Over the past 50 years the
econom ¢ value of these resources has renmined relatively high
largely due to the growing demand for high quality seafood and
recreational fishing; however, the nunbers of harvestable fish have
greatly declined. This decline is generally attributed to the

i ndustrial and agricultural developnment of the Colunbia Basin, and
particularly the construction and operation of over 50 dans on the
Colunbia River and its tributaries.

Prior to hydroelectric power developnent on the Colunbia River,
streans throughout nost of the 259,000 square nile Colunbia River
wat ershed were utilized by salnon and steel head. Tributary streans
making up the Colunbia River network each produced their own unique
stock of fish whose mgration timetable was strongly influenced by
the streamis environment and its distance from the ocean. Thus,
time of entry of juvenile salnobnids into the ocean ranged from April
to Novenber.

As dans were built for power production, over half of the
wat ershed was mnmde inaccessible to anadromous fish, and many stocks
of salnon were lost forever. This loss of snolt production together
with significant |osses of juveniles passing through danms and

reservoirs resulted in a najor reduction in nunbers of juvenile fish



entering the ocean, and the once extensive runs of salnonids in the
Colunbia Basin started to decline.

As public hatcheries were constructed and put on line to help
rebuild the declining runs, the periods of time during which fish
were released often differed from the traditional times a particular
stock migrated to the ocean. Such factors as need to decrease
hatchery holding density, increasing nortalities from infectious
di sease, and assorted econonic reasons frequently dictated release
time. Biological readiness to mgrate and historical tinme of
mgration were not always considered. This situation has the
potential to not only force juvenile chinook salnbn to the estuary
and ocean environnent before they are physiologically ready, but
also may place migrating fish in the estuary or nearshore ocean when
sub-opti mum biological, physical, and chenmical conditions may lint
carrying capacity and early ocean survival.

In response to declining salnon runs, the Northwest Power
Planning Council's Colunbia R ver Basin Fish and WIldlife Program
has identified a "doubling of salnmon and steelhead runs in the
Basin" as one of its priority goals. To acconplish this the state
and federal agencies and tribal organizations responsible for power,
water, and fisheries managenent in the Basin have enbarked on a
| arge-scale program to evaluate a variety of means of enhancing
sal noni d production. Three areas that are receiving particular
attention are hatchery effectiveness, natural production through
habitat inprovenent, and downstream passage of juvenile salnonids at

dans.



To date the mpjority of the research has focused on the
riverine phase of the salnmonid life cycle, and particularly the
problens associated with passage of juvenile and adult salnon and
steel head around or through hydroelectric projects. VWil e these
efforts, which include evaluating the benefits of transportation of
juveniles around dans and inproved techniques of fish guidance
through the safest routes of passage, have probably contributed to
increasing the returns of steelhead and fall chinook salnon (O.

t shawtscha), not all Colunbia R ver stocks have fared as well. O

particular concern has been the continuing decline of spring chinook
sal nmon st ocks.

Al though a multitude of factors, working alone and together,
may be contributing to the failure of spring chinook salnon stocks
to rebound, several are considered priority areas for research. For

exanple, the high prevalence of infection with Renibacterium

sal moni narum the etiological agent of bacterial kidney disease

(BKD), 1is believed to be responsible for significant norbidity and
nmortality in hatchery-reared spring chinook salnon, particularly
during their transition to seawater. Furthernore, there are many
unknowns regarding what constitutes "good smolt quality" at the tine
of hatchery release and the influence it has on mgratory behavior
and the ability to make the physiological transition to seawater.
Finally, there is virtually no information on how biol ogical,

chem cal, and physical factors in the estuarine and nearshore ocean
environnent influence snolt survival and ultimately contribution to

the commercial and recreational fisheries.



In response to this limted understanding of the factors
responsible for the continuing decline of spring chinook salnon in
the Colunbia River, this research plan was devel oped. The overall
goal of the proposed research is to investigate and identify
relationships anong snolt quality (measured in the hatchery and
after recovery in the estuary and nearshore ocean), environnental
conditions in the estuary and nearshore ocean during snolt
mgration, and long-term survival (as neasured by adult returns to
the hatchery of origin and contributions to the recreational,
commercial, and tribal fisheries). This research was specifically
designed to be conducted concurrently with, and to conplenent and
extend the information developed in, the BPA-funded project Snolt

Quality Assessnent of Spring Chinook Sal non.

BACKGROUND
Colunbia River Estuary

The Colunbia River estuary, which forns part of the boundary
between Oregon and Washington, is biologically one of the nost
i nportant and unique estuaries on the Wst Coast of the United
St at es. Geographically, the estuary extends from the nouth of the
Columbia River to River Kilonmeter (RKnj 75 at the eastern end of
Puget Island near Jones Beach, Oregon. The estuary can be
characterized as a drowned river nmouth with delta islands in the
upper portion. The major source of fresh water to the estuary is
the Columbia River, the second largest river in the United States

(Fox et al. 1984). Colunbia River flows are typically highest



during the spring and |lowest during late sumrer and fall. Salinity
intrusion in the estuary fluctuates considerably because of the
relatively large freshwater flows and tidal changes. Verti cal
salinity gradients are present in portions of the estuary, wth

hi ghest salinities occurring in deep water channels near the bottom
(Neal 1972; MConnell et al. 1981). During low river flows (about
4,400 m’/s), salinity intrusion is the greatest. M ni mum bottom
salinities in nost of the lower 22 km of the estuary generally range
fromO0.5 to 15 ppt, with maxinum salinities >30 ppt. During high
river flows (about 8,800 m’/s), mininum bottom salinities in the
estuary may be near zero (Jay 1984).

The large inputs of fresh water to the Colunbia River estuary
and the subsequent low salinities have a dramatic influence on the
ecol ogy and species conposition of the estuary. For example, the
estuary has no saltmarshes, only brackishwater and freshwater
mar shes (Fox et al. 1984). Al though nuch of the estuary presents a
rather harsh environnent in terns of changing salinities, it serves
as an inportant feeding, rearing, spawning, or passage area for a
variety of fish and shellfish species. Annual ly, nillions of
mgrating juvenile Pacific salnbn and steelhead use the estuary for
passage to the ocean, rearing, and feeding (Dawley et al. 1979,

1981; MCabe et al. 1983, 1986). Vari ous anadronpbus and marine

fishes, such as Anerican shad (Alosa sapidissim), longfin snelt

(Spirinchus thaleichthys), English sole (Parophrys vetulus), starry

flounder (Platichthys stellatus), Pacific herring (C upea harengus

pal lasi), and northern anchovy (Engraulis nordax) also feed and rear




in the estuary (Durkin et al. 1981; Bottom et al. 1984). Mor eover ,
the comrercially- and recreationally-valuable white sturgeon

(Aci penser transnontanus) feeds heavily in the estuary during the

spring and summer, particularly when northern anchovies are abundant
(Muir et al. 1988). Finally, the estuary provides valuable habitat

for Dungeness crabs (Cancer nmmgister) (Emrett and Durkin 1985;

McCabe et al. 1988).

Use of the Colunbia River Estuary by Sal nonids

Ext ensive use of estuaries by juvenile salnonids has been
reported in several river systens in North Anerica (Reinmers 1973;
Heal ey 1980; Levy and Northcote 1982; Mers and Horton 1982; Levings
et al. 1986). McCabe et al. (1986) reported that subyearling
chi nook salnmon use the Colunbia River estuary, particularly
intertidal areas, for feeding. The Colunbia River estuary also has
been shown to provide sanctuary for juvenile salnonids from
predators (MCabe et al. 1983). Reinmers (1973) found increasing
adult return rates of chinook salmon in the Sixes River correlated
with increasing length of juvenile residence in the estuary.

Despite the docunented inportance of estuaries in the life
history of certain species and races of juvenile salnonids, the
results of at |east one published study suggests that juvenile
sal nonids use the Colunbia River estuary to a |esser degree that
juvenile salnmonid use other west coast estuaries. Dawl ey et al.
(1986) and MCabe (unpublished data, P.O Box 155, Hanmond, OR),

using a variety of sanpling gear at nunmerous |ocations throughout



the estuary found that salnonids mgrating in spring and sumrer from
upriver areas nore than 150 km from the river nmouth spent little
time in the estuary. Measurenment of juvenile salnonid migration
rates from release sites to and through the estuary, snowed an
average decrease of 30% as they entered the estuary. Al or nost of
this may be explained by decreased water velocities associated with
tidal action. (Average mgration rate at a river flow of 11,300
m’/s was 5.0 kmih from Bonneville Dam to RKm 79 and 3.5 kmh from
RKm 79 to RKm 22 [Blahm 1974]).

Yearling chinook salmon tend to use the Colunbia R ver estuary
| ess than other juvenile salnobnids (Dawey et al. 1986). Movement
rates indicate only a 5% decrease in travel tinme during passage
through the estuary (20 kmd to the estuary vs 19 knid through the
estuary). The period of capture in the |ower estuary was generally
the sane as the duration observed for the same groups in the
uppernost reaches of the estuary at Jones Beach. Movenent rates
from the estuary to ocean sanpling sites have yet to be defined.

Al though the brief residency of yearling spring chinook salnon
in the Colunbia River estuary suggests they have only a limted
exposure to anbient estuarine environnmental conditions, it also
suggests they have limted mgratory flexibility as a neans of
avoi ding adverse conditions in the estuary and nearshore ocean.

Such a situation enphasizes the need to obtain a better
understanding of the relationships anbng estuarine and nearshore

conditions and long-term survival.



Snolt Quality

Public hatcheries in the Colunbia Basin rear between 200 and
300 nmillion sal nonids each year for release in the Colunbia River
and its tributaries. O this total, about 25 to 30 mllion are
spring chinook sal non. Despite these large releases, hatchery
contributions are generally believed to be, as a whole, far below
their potential. This is particularly true for spring chinook
sal non. One factor thought to be contributing to this |ow potential
is poor snolt quality. Hat chery release strategies are often based
on economc and logistic considerations rather than the biological
readi ness of juvenile salnonids to migrate downstream and
successfully enter seawater. At nost Colunbia Basin hatcheries,
information on the quality (e.g., physiological and devel opnmental
status, infectious diseases) of snmpblts prior to and at release is
not routinely obtained, even though health and physiological status
prior to release are known to affect migration rate and,
potentially, early marine survival. Hence, groups of snolts
rel eased from hatcheries at inappropriate times nay suffer [|arge
| osses from predation, slow mgration and osnoregulatory
dysfuncti on.

The relationship between snolt quality and |ong-term survival
of selected populations of hatchery-reared spring chinook salnmon is
currently being investigated in the BPA-funded Snmolt Quality
Assessnent . The primary focus of this study is a 3-plus year

monitoring program in which selected neasures of snolt quality wll



be determined at six Colunbia Basin hatcheries during a 3- to 4-
nonth period prior to rel ease. The study hatcheries are WIllanette,

Klickitat, Warm Springs, Leavenworth, Dworshak, and Rapid River.

The neasures of snolt quality to be determined include gill Na‘'-K'
ATPase, plasma T, and T,, plasma insulin, plasma cortisol, plasna
glucose, liver triglycerides, skin guanine, liver glycogen, tissue

water content, plasma water content, plasma total protein, and

sel ected blood electrolytes (e.g., Na‘, Cl17, K'). Mreover, selected
hemat ol ogi cal paraneters will be neasured (e.g., hematocrit, white
blood cell count) and tests will be conducted to assess

i nmunoconpet ence. Sanples will also be collected for a seawater

chal | enge assay. In addition to these mneasured paraneters,
information will be available on disease status from the Augnented

Fish Health WMbnitoring Program

The overall goal of the Smolt Quality Assessnent is to devel op
a weighted, conposite index of fish quality that can be used for
real -tinme adjustnents in rearing practices to increase hatchery
ef fecti veness. Notwi t hstanding the rigor of the experinental
approach and the high potential of this project in neeting the
experinmental objectives, like all research projects, there are sone
addi tional questions that could be addressed in a tinely and cost-
effective way in a conpanion study. The conpani on study would focus
on continued nonitoring of snmolt quality in the study hatchery
popul ations as the fish migrate through the estuary and into the
Paci fic Ccean. Little or no information exists on the physiological

changes occurring as yearling spring chinook salnon nake the
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transition to seawater. Moreover, if the nunbers of fish released
from the target hatchery populations are |arge enough (i.e., ca.
400, 000), an estimte of relative smolt survival to the estuary can
be made. This would be particularly inmportant information for

interpreting findings from the Smolt Quality Assessnment in the event

long-term survival (i.e., adult returns) are low for a particular
hat chery population or treatnent. Such information could be used to
deternine whether the fish survived to the estuary. Fi nal |y,

al though snolt quality may be an extrenely inportant factor
influencing long-term survival, additional factors such as
environnental conditions in the estuary and nearshore ocean may play
critical roles in early ocean survival and therefore also influence

| ong-term survival. Clearly the ability to relate snolt quality to
|l ong-term survival can best be acconplished in the context of a nore

conpl ete understanding of all the factors influencing survival.

OBJECTI VES

The overall goal of the present research is to investigate and
identify relationships anong snolt quality, mnigrational behavior,
environnental conditions, and survival of juvenile spring chinook
salnmobn in the Colunmbia River estuary and nearshore ocean. A logic
tree for the proposed research is shown in Fig. 1. The research is
designed to be conducted in parallel with, and to conplenent and
extend the understanding of snoblt quality obtained in, the BPA-
funded Snolt Quality Assessnent. This will be acconplished by

collection and testing of outmgrant fish from the sane



Quality and Behavior of Juvenile Spring Chinook Sal non
in the Colunbia R ver Estuary and Nearshore QOcean

(Questions) Is there a relationship between smolt Is there a rel ationship between
quality indices and/or preval ence of BKD survival of spring chinook sal non
in juvenile spring chinook sal nmon recovered
in the Colunbia R ver estuary and nearshore conditions in the estyary and

ocean, and their survival to adulthood?
of residency as snolts?

I 3 consecutive years
e
(Proposed tests) Correlate survival to adulthood with
of BKD in selected hatchery stocks after ’ Co o )
recovery in the estuary and nearshore ocean and nearshore ocean during snolt
’ residency.
| . C ]
A 4 No correlations «¢
-(Possible concl usions) Smolt quality Adult survival correlates
correlates with with sel ected environnent
survival to survival to condi ti ons.
adul t hood. adul t hood.
(Proposed acti on) Intensify efforts to In concert with Smolt Quality
control BKD in Assessnent, factors correlate nost strongly
i ndi ces show the nost reliable
relationship with survival to
most
husbandry.
(Proposed action) In concert with Smolt Quality Investigate potenti al
Assessnent, develop a weighted, hat chery release tinmes to
that can be used for real-tine environnmental conditions in

to increase hatchery effectiveness.

Figure 1.--Logic tree for research plan to investigate smolt quality, health, and behavior of juvenile spring
chi nook salnon in the Colunbia River estuary and nearshore ocean.

11
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popul ations/treatnents under study in the Smolt Quality Assessnent.
Juvenile salmonids wll be collected by beach and/or purse seine at
two estuarine sanpling stations, and in the nearshore ocean in and
adj acent to the Colunbia River plune. Physi ol ogi cal status of the
target fish populations will be nonitored by direct nmeasurenent of

selected indices of smoltification, and by simlar neasurenents made

after transfer to, and short-term holding in, seawater. In
addition, fish recovered at each of the sanpling locations wll be
tested for BKD and stomachs will collected to deternm ne stonach

full ness and diet conposition. As in the Snolt Quality Assessnent,
nmeasures of snmolt quality will be related to long-term survival

based on returns of adults to the commercial, recreational, and
tribal fisheries, and returns to the hatchery of origin. Resear ch
will also be initiated to exam ne relationships anong selected
estuarine environmental conditions, tinme of entry into seawater, and

| ong-term survival.

bj ective 1
Based on recapture percentages in the Colunbia River estuary,
estimate relative survival of selected stocks of juvenile

spring chinook salmon tested in the Snolt Quality Assessnent.

Nul | hypothesis (Ho): Rel ative survival of juvenile spring

chinook salnmon is not significantly different anong hatchery

popul ations or between hatchery treatnents.

Corollary: If the null hypothesis is rejected, it is highly

likely that survival to the estuary is different anong hatchery
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popul ations or between hatchery treatnents, and that these
difference may be influenced by hatchery- or treatnent-specific
physi ol ogical status, health, genetic
rearing protocol,

Criteria for Rejecting Ho:

rejected if the relative survival is significantly different
ANOVA (P<0.05).
Significantly different groups will be identified by a nultiple

conparison test (e.g., S NK test).

Chj ective 2

Determine selected physiological paraneters and prevalences of

BKD in populations of spring chinook salnon tested in the Snolt

estuary.

Nul | hypot hesis (Ho):

preval ence of BKD are not significantly different anong

hat chery popul ations or treatnents.

If the null hypothesis is rejected, it is highly
likely that there are differences in physiological paraneters
or preval ences of BKD and that these differences may be related

to hatchery- or treatnent-specific factors.
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Criteria for Rejecting Ho: The null hypothesis wll be

rejected if nmean values or prevalences are significantly
different anmong hatchery populations or treatnents by ANOVA
(P<0.05). Significantly different populations or treatnents
will be identified by a multiple conparison test.

Objective 3
Deternmine relative survival of juvenile spring chinook salnon
from the hatchery populations or treatnents under study in the
Snolt Quality Assessnent after a 7-day holding period in fresh

wat er and seawater.

Nul |  Hypothesis (Ho): Rel ative survival is not significantly

different anong hatchery populations or treatnents.

Corollary: If the null hypothesis is rejected, it is highly
likely that there are differences in relative survival and that
these differences may be influenced by hatchery- or treatnent-

specific factors.

Criteria for Rejecting Ho: The null hypothesis wll be

rejected if survival is significantly different anbng hatchery
popul ations or treatnents by ANOVA (P<0.05). Populations or
treatnents which are significantly different will be identified

by a multiple conparison test.
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Cbj ective 4
Determine selected physiological paraneters and preval ence of
BKD in populations of spring chinook salnmon under study in the
Snmolt Quality Assessnent during a 7-day holding period in fresh
water and seawater following recovery at the upper estuarine

sanpling site.

Nul |l  Hypothesis (Ho): The physiological paranmeters or

preval ence of BKD are not significantly different anong

hat chery popul ations or treatnents.

Corol |l ary: If the null hypothesis is rejected, then it is
highly likely that there are differences in physiological
paraneters or prevalence of BKD and that these differences nay

be influenced by hatchery- or treatnent-specific factors.

Criteria for Rejecting Ho: The null hypothesis will be

A
rejected if the neasured physiological paranmeters are

significantly different by ANOVA (P<0.05). Hatchery
popul ations or treatnents that differ significantly wll be

identified by a multiple conparison test.

Cbj ective 5
Determine selected physiological paraneters and preval ence of

BKD in populations of spring chinook salnon tested in the Snolt
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Quality Assessnent after recovery in the nearshore ocean in or

adjacent to the Colunbia River plune.

°

Nul | Hypothesis (Ho): The physiol ogi cal paraneters or

preval ences of BKD are not significantly different anong

hat chery popul ations or treatnents.

Corollary: If the null hypothesis is rejected, then it is
highly likely that there are differences in physiological
paraneters or the prevalence of BKD and that these differences

may be related to hatchery- or treatnent-specific factors.

Criteria for Rejecting Ho: The null hypothesis wll be

rejected if the neasured physiological paraneters or
preval ences of BKD are significantly different by ANOVA
(P<0.05). Goups which differ significantly will be identified

by a multiple conparison test.

Chj ective 6
Begin investigation of relationships anobng selected
environnental paraneters (e.g., salinity, tenperature, current,
turbidity, etc.) in the Colunbia R ver estuary and nearshore
ocean during snolt residency and long-term survival of selected
popul ations of hatchery-reared spring chinook salnon tested in

the Snolt Quality Assessnent.
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Nul |  Hypothesis (Ho): There is no relationship anmobng neasured

environnental parameters and long-term survival of spring

chi nook.

Corollary: If the null hypothesis is rejected, then it is
highly likely that there is a relationship anmong environnental
factors/conditions in the estuary and nearshore ocean, and

| ong-term survival.

Criteria for Rejecting Ho: The null hypothesis wll be

rejected if significant correlations are detected by

mul tivariate regression analysis (P<0.05).

bj ective 7
Determine if single or multiple physiological paraneters or
preval ence of BKD neasured in selected populations of juvenile
spring chinook salnobn tested in the Snolt Quality Assessnent
after recovery in the Colunbia R ver estuary or nearshore ocean
zone, or during a 7-day holding period in seawater, are
different from the sane paraneter(s) or preval ence neasured at

the study hatchery prior to release.

Null Hypothesis (Ho): There is no significant difference

bet ween physiol ogical paraneters or prevalence of BKD when

neasured in the hatchery prior to release, or after recovery in
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the estuary or nearshore ocean or a 7-day holding period in

seawat er .
Corollary: If the null hypothesis is rejected, then it is
highly likely that there are differences in physiological

paraneters or preval ence of BKD.

Criteria for Rejecting Ho: The null hypothesis wll be

rejected if nean values or prevalences are significantly
different by ANOVA (P<0.05). Significantly different
paraneters or prevalences wll be identified by a multiple

conpari son test.

Chj ective 8
Determine if single or nmultiple physiological paraneters
neasured in selected populations of juvenile spring chinook
salnon tested in the Snmolt Quality Assessnent Study after
recovery in the Colunbia River estuary or nearshore ocean zone,
or during a 7-day holding period in seawater, are correlated

with overall survival to adult stages.

Nul | Hypothesis (Ho): There is no significant correlation

bet ween neasured physiological paraneters and survival to adult

stage anbng the study populations or treatments within or

bet ween years.
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Corol |l ary: If the null hypothesis is rejected, then nmeasured
physi ol ogi cal paranmeters may be related to long-term survival,

and "high or low potential" stocks could be identified.

Criteria for Rejecting Ho: The null hypothesis wll be

rejected if a significant correlation (P<0,05) can be shown by
regression analysis in consecutive years between adult returns

and neasured physiological paraneters.

EXPERI MENTAL  APPROACH

Qutmigrant spring chinook salnmon will be collected during 3 or
nore consecutive years between about 1 April and 15 July by beach
and purse seine at two locations in the Colunbia R ver estuary, and
by purse seine in the nearshore ocean zone. The estuarine sanpling
will be conducted at Tongue Point (RKm 29) and Jones Beach (RKm 75)
(Fig. 2). Tongue Point is at the upper extent of seawater intrusion
in the Colunbia River estuary and Jones Beach is physically the
upper nost boundary of the estuary. A tine series of data on
juvenile spring chinook salnobn mgration past the Jones Beach site
extending from 1978 to 1983 is available (Dawey et al. 1986).

Unlike the fixed-station sampling in the estuary, the ocean

sanmpling will be conducted over a broad area in and adjacent to the
Columbia River plune within about 8 km of the river bar. It is
unlikely that |arge nunmbers of spring chinook salnon wll be

collected in the ocean, and hence a fixed-station approach would not

provide the flexibility to make real-tine adjustnents in sanpling
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required to obtain the l|argest possible nunbers of fish. Mor eover,
rapid and dramatic shifts in weather and oceanographic conditions
during the sanpling period would likely limt sanmpling at selected
| ocati ons, and every neans of increasing the |ikelihood of
collecting fish needs to be utilized.

The target fish will be from six Colunbia Basin hatcheries and
will be from the same populations/treatnents tested in the
BPA-funded Smolt Quality Assessnent. Table 1 lists the study
hatcheries, the nunbers of spring chinook salnmon to be released, the
antici pated percentage recoveries of outmigrants in the estuary, and
the expected adult production.

Al yearling spring chinook salnon from the target hatcheries

recaptured in the estuary and nearshore ocean will be weighed and
nmeasured, and their nunbers recorded. The percentages recovered at
the Jones Beach and Tongue Point sites will be used to estimate

differences in relative survival to the estuary. The useful ness and
validity of such estimates have been established and are discussed
in detail in Dawey et al. (1986) . In addition, sanples of each

hat chery population of fish will be collected at each of the three
sampling |locations for measurement of selected physiological

par anmet ers. The physiol ogical paraneters to be measured will
included gill Na'-K®* ATPase, plasnma Na’, plasma T, and T,. Fish will

al so be evaluated for norphological changes associated wth

smol tification. In addition, spleen and kidney sanples wll be
collected from fish sanmpled at all locations to screen for the

presence of antigens from and hence exposure to, Renibacterium
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Table 1. List of study hatcheries and numberse of yearly spring
chinook salmon to be released in 1990. Also shown for
each hatchery are ongoing hatchery effective experiments,
and anticipated percent recoveries of juveniles in the
Columbia River estuary and adult returns.

Size Marks Jones Beach Tongue Point Adults
(no/lb) Treatment Rep. Total Date %* Total Date ¥° Total % Total

Willamette Hatchery

9 Mich.+0, 6 180,000 15 Apr 0.23 414 23 Apr 0.12 216 1.7 3,060°
9 control 2 60,000 15 Apr 0.23 138 23 Apr 0.12 72 1.7 1,020
Klickitat Hatchery
10 lwk riv accl 1 80,000 20 Apr 0.16 128 2 May 0.08 64 0.4 320
10 2wk riv accl 1 80,000 20 Apr 06.16 128 2 May 10.08 64 0.4 320
10 control 1 80,000 20 Apr 0.16 128 2 May 0.08 64 0.4 320
Warm Springs Hatchery
12 high density 1 50,000 1 May 0.08 40 4 May 0.04 20 0.3 150
12 control 3 150,000 1 May 0.08 120 4 May 0.04 60 0.3 450
Leavenworth Hatchery
15 US/Can index 3 240,000 25 May 0.09 216 28 May 0.05 120 0.25 600
includes 50,000 branded
Dworshak Hatchery
7 Prod contrib 3 180,000 10 May 0.06 108 15 May 0.03 54 0.25 450
includes 60,000 branded ‘
Rapid River Hatchery
20 UsS/Can index 3 300,000 5 May 0.08 240 10 May 0.04 120 0.15 540
20 FPC smolt id 1 60,000 5 May 0.08 48 10 May 0.04 24 0.00 0

* Expanded to represent current efficiency levels--1.5 x catch rates from 1977 through 1983.
* One half of catch rate anticipated at Jones Beach.
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sal noni narum Further, stomach contents of the sampled fish wll be

anal ysed to determine diet conposition and stomach full ness.

For determnation of physiological paraneters, three 15-fish

sanples collected at |-week intervals will be taken at the upper
estuarine station, while single 15-fish sanples will be taken at the
| ower estuarine site and during the nearshore ocean sanpling. In

addition, a sanple of up to 150 fish from selected populations wll
be collected at the upper estuarine site for extended holding.

About 50 fish will be held in flowing river water at or near the
Jones Beach site. An additional 100 fish will be transferred to a
fish holding facility near the nouth of the Colunbia River where

50 fish will be held in fresh water and 50 will be held in seawater.
At intervals of 24, 72 and 168 hours after capture and transfer,
15-fish sanples from each group will be sacrificed for the

determ nation of sanme physiological paraneters neasured in the field
sanpl i ng.

The nmean and variance of each of the neasured paraneters wll
be deternined. These data will be conpared anong hatcheries by
ANOVA and, as appropriate, a mnultiple conparison test. Al data
will be stored for subsequent correlation analysis to investigate
the relationships between'individual or related physiological
paraneters and total contribution based on returns of nmarked adults
to the commercial, recreational, and tribal fisheries, and to the
hat chery of origin.

Estuarine and nearshore ocean environmental conditions wll be

monitored at each of the fish sanpling |ocations (Jones Beach,



24

Tongue Point, and nearshore ocean) and at three additional unmanned
sites in the Colunbia River estuary. These latter sites will be at
existing tide-recording stations at Point Adans, Tongue Point, and
Beaver Terminal (Fig. 1). Physi cal / chem cal paranmeters to be
monitored at the estuarine fish sanpling sites include water
tenperature, salinity, turbidity, pH dissolved oxygen, and current
(direction and velocity). At the unmanned stations the paraneters
to be nmeasured include tide level, current, tenperature, salinity,
and surface wind (direction and velocity). I'n conjunction with the
nearshore ocean sanpling, seawater tenperature, salinity, and
turbidity will be recorded. Addi ti onal biological paraneters that
could be nmeasured include chlorophyll-a and zooplankton density. In
the longterm we anticipate that these data can be used to construct
a multivariate nodel to identify relationships anbng estuarine

envi ronnent al conditions, salnonid entry into seawater, and sal nonid
survival and contribution to the ocean fisheries.

A critical issue that needs to be addressed as this research
plan is refined is that of the statistical precision desired in
estimating differences in survival of juvenile spring chinook salnon
anong hatchery populations and hatchery treatnents. The precision
of such estimtes, as well as the ability to nmeet the proposed
estuarine and nearshore sanpling goals, depends on the nunbers of
mar ked (coded wire tagged and cold branded) fish released. As
indicated in Table 1, several of the study hatcheries are planning
to release fish marked only with coded wire tags. Since the fish

from the target hatcheries nmust be visually identified when
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recovered, as a nmninmum all fish to be coded wire tagged should
al so be cold branded. This nodification will result in the |argest
sanple size possible within the existing hatchery release plans.

In addition to branding all tagged fish, consideration nust
also be given to increasing, where feasible, the total nunbers of
marked fish to be released from each of the study hatcheries. The
differences in survival that will be detectable between treatnents
or hatcheries (within and between years) are summarized in Table 2.
These differences were calculated using the equation of Cochran and

Cox (1957) for sanple size estimation using a critical value of

P<0.05. It is clear from this sumuary that only very |arge
differences in estimated relative survival wll be detectable in
bet ween-treatnment conparisons (21 to 37%. Equally clear is that

only relatively large differences in estimted survival to the
estuary used in between-hatchery and w thin-year conparison wll be
statistically distinguishable (i.e., 15% or |arger).

Based on the above analysis, it is recomended that the
followi ng increases in nunbers of marked fish be considered. These
changes in nunbers would allow detection of at |east 15% differences
in estimted survival in between-hatchery and between-year

conpari son.

1) Klickitat: additional 28,150 control/production fish

2) Leavenworth: additional 220,000 index/production fish

3) Rapid River: additional 176,000 index/production fish

4)  Dworshak: additional 535,000 contribution/production fish

55 WIllanmette: no additional narked fish required
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Table 2.-Anticipated precision of between-treatment, between-hatchery, and between-year
comparisons (P<0.05) of relative survival of selected groups of spring chinook
salmon to the Columbia River estuary. Estimated differences were calculated

according to Cochran and Cox (1957)

and assume all coded wire tagged fish were

also cold branded to allow visual identification. The between-hatchery and
between-year comparisons could be made using all marked fish from a given hatchery
only if no between treatment differences were detectable.

Per cent

di fference

21
27
37

Per cent
di fference

Bet ween- Tr eat nent Conpari sons

Hat chery Recovery _n,_ n,
WIllanette 0. 0035 60, 000 180, 000
Klickitat 0. 0024 80, 000 80, 000
War m Springs 0. 0012 150, 000 50, 000
Bet ween- Hat chery and Bet ween- Year Conpari sons
Hatchery, Hat chery, Recovery n, n,
WIllanette WIllanette 0. 0035 240, 000 240, 000
WIlanette Klickitat 0. 0035 240, 000 240, 000
WIllanette Warm Springs 0.0035 240, 000 zoo, 000
WIllanette Leavenwort h 0. 0035 240, 000 240, 000
WIlanette Rapi d River 0. 0035 240, 000 360, 000
WIllanette Dwor shak 0. 0035 240, 000 180, 000
Klickitat Klickitat 0. 0024 240, 000 240, 000
Klickitat Warm Springs 0.0024 240, 000 200, 000
Klickitat Leavenwort h 0. 0024 240, 000 240, 000
Klickitat Rapi d Ri ver 0. 0024 240, 000 360, 000
Klickitat Dwor shak 0. 0024 240, 000 180, 000
Leavenwort h Leavenwort h 0.0014 240, 000 240, 000
Leavenworth Warm Springs 0.0014 240, 000 200, 000
Leavenwort h Rapi d Ri ver 0.0014 240, 000 360, 000
Leavenwort h Dwor shak 0.0014 240, 000 180, 000
War m Springs Warm Springs 0.0012 200, 000 200, 000
VWArm Spri ngs Rapid River 0. 0012 200, 000 360, 000
Warm Springs Dwor shak 0. 0012 200, 000 180, 000
Rapi d Ri ver Rapi d River 0. 0012 360, 000 360, 000
Rapi d Ri ver Dwor shak 0. 0012 360, 000 180, 000
Dwor shak Dwor shak 0. 0009 180, 000 180, 000

13 year vs
13
14
13
12
14
16 year vs
17
16
14
17
20 year vs
21
19
22
24
21
25
18 year vs
22
29 year vs

year

year

year

year

year
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6) Warm Springs: additional 336,000 control/production fish

(Note: The increased nunbers of fish recomrended for each
hat chery are dependent on the indicated increases at all the

hat cheri es. If logistical or other constraints prevent the
marking of additional fish at any one hatchery, the recomended
nunbers at the remaining hatcheries will need to be revised.)

The following is a summary of the proposed research plan in the

format of specific tasks and subtasks:

bj ectives 1,2,7,and 8

TASK 1 Collect outmigrant spring chinook salnmon at two locations in
the Colunbia River estuary (an upper and |ower station) using beach

and/ or purse seine.

TASK 1.1 Enunerate outmigrants from each of the study
popul ations and treatnments; estinate relative survival based on

recovery of branded fish.

TASK 1.2 Wigh and neasure fish; sacrifice and collect blood,
tissue and stomach sanples for neasurenent of selected
physi ol ogi cal paraneters, testing to estimate preval ence of

BKD, and stomach contents analysis.

TASK 1.2.1 Measure gill Na*-K* ATPase according to Zaugg

(1982), plasma T3 and T4 according to Dickhoff et al.
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(1982), serum Na*, liver glycogen, and hematocrit. N =

fish per sanple.

TASK 1.2.2 Determ ne norphological changes associated
with degree of snoltification using the procedure of

W nans and Ni shioka (1987). N = 15 fish per sanple.
TASK 1.2.3 Estimate prevalence of BKD using the enzyne-
i nked i mmunosorbent assay of Pascho and Mil cahy (1987)

to detect soluble antigen(s) of Renibacterium

sal noni narum in kidney and spleen tissue. N = 15 fish

per sanple.

TASK 1.2.4 Deternmine stomach fullness (Terry 1977) and

taxonom ¢ conposition of stomach contents.

Cbj ectives 3,4,7 and 8

TASK-2 Collect outmigrant yearling spring chinook salnbn at an
upper Colunmbia River estuary site; from selected hatchery
popul ations or treatnents tested in the Snolt Quality Assessnent

hold about 50 fish at the site of recapture at Jones Beach in river

15

water and transfer about 100 to a |lower estuary holding facility for

holding in fresh water and seawater.

TASK 2.1 Record percent survival in each group after 24, 72,

and 168 hours.
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TASK 2.2 Sacrifice 15 fish from each group and collect blood
and tissue sanples for neasurenent of selected physiological
paraneters and estimates of prevalence of BKD after 24, 72, and

168 hours.

TASK 2.2.1 Measure gill Na'-K' ATPase according to Zaugg
(1982), plasma T3 and T4 according to Dickhoff et al.
(1982), serum Na*, liver glycogen, and hematocrit. N = 15

fish per sanple.

TASK 2.2.2 Determ ne norphological changes associated
with degree of snoltification using the procedure of

W nans and Ni shioka (1987). N = 15 fish per sanple.

TASK 2.2.3 Estimate prevalence of BKD using the enzyne-
link immunosorbent assay of Pascho and Milcahy (1987) to

detect soluble antigen(s) of Renibacterium sal noninarum

in kidney and splenic tissue. N = 15 fish per sanple.

Cbj ectives 5,7 and 8

TASK 3 Collect outmigrant juvenile spring chinook salnmon in the

nearshore ocean in and adjacent to the Colunbia River plune.

TASK 3.1 Enunerate, weigh, and neasure juvenile spring chinook

sal non from each of the study populations or treatnents.
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TASK 3.2 Sacrifice up to 15 fish per group and collect blood,
tissue, and stomach sanples for neasurenment of selected
physi ol ogi cal paraneters, estimation of prevalence of BKD, and
stomach contents anal ysis.

TASK 3.2.1 Measure gill Na*-K'* ATPase according to Zaugg

(1982), plasma T3 and T4 according to Dickhoff et al.

(1982), serum Na‘, and hematocrit. N = 15 fish per

sanpl e.

TASK 3.2.2 Determ ne norphological changes associated
with degree of snoltification using the procedure of

W nans and Ni shoika (1987). N = 15 fish per sanple.

TASK 2.2.3 Estimate prevalence of BKD using the enzyne-
Il i nked i mrunosorbent assay of Pascho and Ml cahy (1987)

to detect soluble antigen(s) of Renibacterium

sal noni narum in kidney and spleen tissue.

N = 15 fish per sanple.

TASK 2.2.4 Determine stomach fullness (Terry 1977) and

taxonom ¢ conposition of stomach contents.

Chj ective 6

TASK 4 Monitor selected environnmental paranmeters at each sanpling

| ocation and at three additional unmanned stations in the Colunbia
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River estuary (Point Adans [RKm 5], Tongue Point [RKm 291, Beaver

Term nal [RKm 79]).

TASK 4.1 Measure water temperature, salinity, turbidity,
di ssol ved oxygen concentration, pH and current (velocity and
direction) during sanpling at each of estuarine collection

sites.

TASK 4.2 Record water tenperature, salinity, tide Ilevel,
current; and surface wind direction and velocity at the

unmanned estuarine stations.

TASK 4.3 Record seawater tenperature, salinity, and turbidity
during sanpling at each nearshore ocean sampling site.
(Additional neaningful biological paraneters that could be

nmeasured include chlorophyll-a and density of =zooplankton).

ojectives 1 through 8

TASK 5 Assenble and store data.

TASK 5.1 Assenble and store data from estuarine and nearshore

sanpl i ng.

TASK 5.2 Assenble and store data on estuarine environnental

par anmet ers/ condi ti ons.
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TASK 5.3 Assenble and store data on adult returns to the
comercial, recreational, and tribal fisheries, and hatchery of

origin of all study populations of spring chinook salnon.

Cbj ectives 1 through 8

TASK 6 Analyze data and prepare required admnistrative reports and

manuscripts for publication in peer-reviewed literature.

ANTI Cl PATED BENEFI TS

This research plan is designed to generate inportant new
information on the influence of snoblt quality and estuarine and
near shore ocean environnental factors on long-term survival of
spring chinook sal non. It is anticipated that this new information
can be used by hatchery, river, and ocean fisheries nmanagers to
better predict and enhance the production of spring chinook sal non
in the Colunbia River and its tributaries. It is inportant to note,
however, that the potential of these data to identify factors
contributing to long-term survival wll cone only after nultiple
years of study and after trends in adult production at the target
hatcheries can be related to snolt quality and environnental
conditions at the time of entry into seawater. One year of data may
provide insight into differences in relative survival (based on
estuarine recapture) between treatnent groups at an individual
hat chery; however, conparisons among hatcheries in a single year

will not be particularly meaningful. It is anticipated that trends
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in hatchery production can be related to the neasured paraneters
only after 3 to 5 years of continuous data collection. I n addition,
since results of the physiological testing conducted in the estuary
and nearshore ocean mnust be evaluated in the context of simlar
testing at the target hatcheries prior to and at the tine of
release, it is essential that this research be conducted
concurrently with the Smolt Quality Assessnent.

One of the nobst inportant products of this research will be new
data on snolt quality (based on selected physiological paraneters
and prevalence of BKD) in stocks of spring chinook salnon as they
enter and pass through the Colunbia River estuary and enter the
ocean phase of their life cycle. Such information, taken together
with simlar data collected on the sane stocks and treatnent groups
of spring chinook salnon prior to and at the tinme of hatchery
release (obtained in the Snoblt Quality Assessnent) wll provide the
nost conplete picture of snolt quality obtained to date. The
ability to relate these data to long-term survival based on returns
to the hatcheries of origin, and contributions to the comercial,
recreational, and tribal fisheries offer several potential benefits.
For exanple, know edge of how smplt quality relates to adult
production could be used to identify hatchery stocks or brood years
of "high or low potential." This information could be used in the
estimation of adult returns 1 to 3 years before a particular stock
returns, and hence provide a neans for better managing and

allocating this inportant ocean and river fishery.
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In addition to using smolt quality to identify hatchery stocks,
treatnents, or brood-years nore likely to survive to adulthood, a
better understanding of snolt quality and its relation to long-term
survival offers the potential to increase overall survival.

Previ ous studies have suggested the ability to control, and to a
limted extent manipulate, selected physiological paraneters
associated with snoltification (and hence readiness to migrate) by
rearing practices such as nodified photoperiods, diets, and holding
densi ti es. Therefore, the potential exists to enhance production of
harvestable adults through the use of hatchery rearing strategies or
practices that correlate with higher returns.

The estimates of relative survival of the target hatchery
popul ations and treatnent groups to the Colunmbia River estuary wll
be another inportant product of this research, particularly in the
interpretation of findings in the Snoblt Quality Assessnent. These
data will allow prelimnary assessnents of the relationships anong
snmolt quality and prevalence of BKD (as neasured at the hatcheries
prior to and at time of release) and short-term river survival.
Moreover, in hatchery stocks or treatnents where poor ocean survival
and small group nunbers lead to poor adult returns, the estinmates of
estuarine survival would be critical in determning whether the
juveniles survived to the estuary.

Another mmjor benefit of this research will be the devel opnent
of the first multi-year data base of environnental conditions in the
Colunbia River estuary and nearshore ocean, in and adjacent to the

pl une. Such -a data base is a prerequisite for developing a better
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understanding of the influence of estuarine and nearshore
environnental factors on early ocean survival of spring chinook

sal non. Data collected on estuarine and particularly nearshore
environnental conditions during the period of seawater entry can be
related to adult survival.

The inportance of these types of data for better salnbn harvest
managenent was highlighted recently by the Pacific Fisheries
Managenment  Counci | . The Council placed "long- and short-term
relationshi ps between ocean environnental conditions and
fluctuations in abundance and maturation of chinook and coho sal non"
as one of its highest priority research needs. The Council cited
the substantial predictive errors in forecasts of salnonid year-
cl ass abundance based on previous year returns, and apparent |arge
scale nulti-stock fluctuations in abundance as a continuing obstacle
in the tinely and effective managenent of the west coast sal non
fishery.

To summarize, this research program has the potential to add
substantially to the know edge of relationships anong snolt quality,
estuari ne and nearshore environnental conditions, and adult
production of spring chinook sal non. This know edge shoul d
substantially increase the ability to estimate year-class strength
and hence better nmnage the existing stocks. More inportantly, it
has the potential to identify factors (physiological and
environnental) influencing the nunbers of harvestable adults.

Control and nanipulation of these factors affords the greatest
potential for increasing the contribution of spring chinook salnon

to the Colunmbia Basin sal nobnid resource.
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INTRODUCTION

One of the mgjor goals of the Northwest Power Planning Council’s Columbia River
Basin Fish and Wildlife Program is to “double salmon and steelhead runs in the basin.” In
order to do this, the agencies responsible for power, water and fish management in the
basin have embarked on a massive program to evaluate the potential for enhanced salmonid
production. Three areas that are being carefully studied are (1) downstream passage of
juvenile salmonids through or around power projects, (2) improved hatchery effectiveness,
and (3) improved natural production of salmonids through habitat improvements.

With respect to item (2), the Northwest Power Planning Council emphasized the
importance of improving the effectiveness of hatcheries through the release of better-quality
smolts. Work is currently underway to test physiological condition and follow the
physiological development of spring chinook salmon produced over athree-year period at
four hatcheries in the basin. Different treatments will collectively produce an array of
spring chinook smolt populations which may differ in age, gene pool, size, health, and
physiological development. Data on physiological condition will ultimately be correlated
with overall survival of released groups, based on the analysis of coded wire tag recoveries
of juvenilesin the estuary and nearshore ocean, and of adults in the fisheries and upon
return to the hatcheries.

There is considerable evidence (Pearch 1984; Nickelson 1986; Bottom, et al.,

1986) that changes in the ocean environment have a major influence in effecting changesin
overall smolt to adult survival of salmonids throughout their range. In order to evaluate the
effects of hatchery conditions, reflected through the sampling of smolt physiology, on
subsequent survival one should be able to remove any effects of changes in ocean

conditions on sruvival over the time period sampled. We have therefore performed pilot
studies to identify key environmental variables which appear to correlate with marine

survival of West Coast salmonids. We have evaluated both the space and the time scales of



critical environmental influences on survival of stocks ranging from British Columbia to
Cdlifornia.

To be more specific, four main tasks have been accomplished in this part of the
overall preliminary research project.

1. Examination of survival histories, by ocean entry year, of spring chinook
salmon produced in Columbia River hatcheries, as well as those produced by selected
hatchery systems ranging from Californiato coastal Oregon and British Columbia.

2. Compilation of time series of environmental variables that may affect the ocean
survival of salmon.

3. Correlation of survival and environmental time series to determine the spatial
and interannua dimensions of responses of salmonid production (survival) to major
environmental keys. In particular, we explored whether Columbia River salmonid
survival responds primarily to localized or to larger-scale regional or to global
environmental keys.

4. Formulation of a conceptual survival model for Columbia River salmonids with
particular emphasis on environmental conditions occurring during the early ocean phase of
the life history.

BACKGROUND RESULTS
Trends in Survival of Chinook Salmon

We compared between-brood trends in survival of chinook salmon released from
hatcheries in different areas from northern California to the west coast of Vancouver Island.
Similar between-brood patterns in survival for fish released in different river systems or
different geographic areas would be evidence for large-scale weather or ocean conditions
affecting survival over a wide area.

Survival of release groups of coded-wire tagged (CWT) fish were examined since
accurate catch and escapement data were available for these tag groups. Those hatcheries

and stocks for which complete time series of releases of tagged fish were available from



1979 to 1984 are presented in Table 1. Unfortunately, long time series were generally not
available for tagged fish. As an index of surviva for coastal Cdifornia and Oregon groups
we used the total recoveries (at all ages) of atag group in ocean and freshwater fisheries
and in returns to hatcheries divided by the totd release of fish in the tag group. For several
Columbia River and the Robertson Creek, B. C., stocks data from a cohort analysis of
these groups produced by the Chinook Technical Committee of the Pacific Salmon
Commission (H. Schaller, Columbia River Inter-Tribal Fish. Comm., 975 S. E. Sandy
Boulevard, Portland, OR 972 14, pers. commun.) were used to evaluate survival. For
these groups both estimated survival to age 2 as well as total catch, escapement and
incidental fishing mortalities were used to estimate survival. Total recoveries at all ages
should be arelative index of survival between broods if the age distribution of fish in the
fisheries and in freshwater escapement is also fairly constant between broods. Trends in
estimated survival between broods to age 2 from cohort analyses agreed quite well with
between-brood trends in total recoveries of tags for six Columbia River stocks and the
Rogue River stock, indicating that using total recoveriesis probably avalid method for
comparing survival between broods for most groups (see Fig. 1).

When several tag groups represented a brood, an average survival index was
calculated for the brood, with each tag group having equal weight (except for the data from
the Pacific Salmon Commission where a different weighting procedure was used).
Between-year comparisons of survival were made within hatchery or stock groups for fish
released at a similar size and at about the same time of year. Most of the CWT recovery
data were obtained from a data base maintained by the Pacific Marine Fisheries
Commission (Regional Mark Processing Center, Pacific Marine Fisheries Commission,
2000 S. W. First Avenue, Portland, OR 97201). Other data were obtained from state and
federal fisheries agencies and from the Chinook Technical Committee of the Pacific Salmon

Commission. The data presented in this report should be considered preliminary,



Fall and spring chinook salmon released at alarge size from late summer through
early winter in northern California and southern Oregon had strikingly similar trends in
survival. Survival was usualy highest among fish released in 1984 and lowest or next to
lowest among fish released in 1982 (Fig. 2, Table 2). Survival trends were similar for fish
released in widely separated river systems, suggesting that survival in these years was
affected by weather or ocean conditions influencing a wide area. Those fish released in the
fdl of 1982 entered the ocean during the 1982-1983 El Nino. During the first three months
of 1983, downwelling was the strongest of any year from 1979 to 1984 (Mason and Bakun
1986). With the exception of fish from Elk River hatchery, these stocks from northern
Cdlifornia and southern Oregon are thought to spend their entire livesin local waters
(Nicholas and Hankin 1988).

In contrast to California and southern Oregon stocks, no consistent trends in
survival were apparent for fall or spring chinook salmon released in the Columbia River
system and from the Robertson Creek Hatchery, B.C., usualy at small sizes (Fig. 1,
Table 3). Survival trends for two stocks (Cowlitz fall and upriver bright fall chinook
salmon) were similar to the trend for southern Oregon and California stocks: High survival
for fish released in 1984 and low survival for fish released in 1982. It is interesting to note
that these are the latest released of the Columbia River chinook for which adequate tag data
were available. However, survival among the other Columbia River and the Robertson
Creek groups was lower in 1984 than in other years.

The difference in survival trends between Columbia River-Robertson Creek
chinook released from May through August, and California-coastal Oregon chinook
released later in the year from July through December may be related to different timing of
ocean entry. Dawley, et a. ( 1986), found that downstream migration rates of subyearling
chinook in the Columbia River were rapid with only slight slowing in the lower estuary.
They concluded that subyearling chinook did not rear in the Columbia River estuary for

extended periods. Peak migration of subyearling chinook past river kilometer 75 occurred



in June and July. Upriver bright fall chinook salmon released far upstream at Priest Rapids
spawning channel (rkm 640) generally passed river kilometer 75 within |-1.5 months of
release (Dawley, et al., 1985). In addition, small subyearling chinook were collected in
nearshore areas of the ocean from May through September (Dawley, et al, 198 1). Thus
subyearling chinook released in the Columbia River from May through August probably
entered the ocean earlier than coastal California and Oregon groups released later from
August through December. Timing of ocean entry may therefore explain poor survival of
fall chinook in 1984 from most northern hatcheries. Conditions in the ocean late in 1984 or
early in 1985 may have promoted high survival, but conditions for survival were
apparently not as good for fish entering the ocean earlier in 1984.

Preliminary data on catches of fish through age 3 (incomplete cohort) show
significant increases in survival for fall chinook released in spring and summer 1985 from
Stayton Pond and Bonneville hatcheries over survival rates of fish released in spring and
summer of 1984.

Few long time series were available for coastal Oregon chinook salmon originating
north of Elk River; however, unlike the southern stocks, none of these groups, which are
known to be more migratory, had exceptionally high survival among fish released in 1984.

Summaries of survival rate estimates for mid-Columbia River spring chinook
(Raymond 1988), Columbia River fall chinook (Fresh, et al.,1987), and OPI coho
(Nickelson 1986) are also given in Figure 3.

Two trends are apparent from these survival estimates. First, a major decline in
survival occurred in the mid- 1970s (around 1976) for Columbia River stocks entering the
ocean in the spring and summer of the year (coho, spring chinook). This decline has
persisted for nearly a decade. Second, incomplete cohort data indicate a major increase in
. survival may have occurred over a broad range of the coast in 1984 for stocks (both fall

and spring chinook) released in the second half of the year, and in 1985 for stocks (fall and



spring chinook, coho) released in the first half of the year. One would expect that both of
these effects were stimulated by large-scale environmental events.
Trends in the Ocean Environment

Between 1976- 1977 and the present, significant warming has occurred in the ocean
environment of the North Pacific (Fig. 4) (McLain 1984; Norton, et al., 1985) impacting
fisheries production from California to Alaska. For example, in 1977, Alaska salmon
production jumped to high levels not seen for decades. Figure 5 shows the time of the
spring transition (calculated from Bakun upwelling indices) at 48 deg. N, 45 deg. N, and
42 deg. N. In 1976 (at 48 deg. N and 45 deg. N), and in 1977 (at 42 deg. N), major
changes in the coastal ocean environment occurred: Weaker upwelling and later spring
transition (by 20-30 days) off Washington, Oregon, and California occurred in the decade
1977-1986, in comparison with the decade 1967- 1976.

Mean Spring Transition Date

1967-76 1977- 86
48 deg. N 17 Apr 16 May
45 deg. N 13 Apr 15 May
42 deg. N 4 Apr 23 Apr

These changes were accompanied by warmer ocean temperatures (Fig. 4). In 1985, the
year of enhanced regional salmonid production, upwelling intensity was higher than any
year 1983-1987 (Fisher and Pearcy 1988, unpubl.) and the spring transition was relatively
early, particularly in the south.
Influence of Ocean Environment on Coastal Salmonid Production

In this section, we speculate how major environmental shifts might have affected
coastal salmonids, and to be more specific, which oceanic factors or conditions are
favorable for early ocean survival of West Coast salmonids.

We hypothesize that the ocean environment influences salmonid production from
the Columbia River in several ways. First, survival is favorable if ocean entry occurs after

the spring transition and prior to the fall transition. Timing of the spring transition and



cumulative upwelling volume are correlated, but the relationship is clearly non-linear (Fig.
6).

Second, we hypothesize that survival is favorable when the percentage of cool
subarctic water is high in the coastal zone. The mechanisms for cross-shelf transport of
subarctic waters from the California Current are uncertain, but during northern El Ninos,
warm waters are advected onshore (downwelling), the thermocline is depressed, and
upwelling is ineffective. Bottom (1986) hypothesizes that during such years the subarctic
boundary and high abundances of zooplankton retreat to the north (Fig. 7). These two
hypotheses are closely related.

One more physical factor which certainly could have a major impact on Columbia
River salmonid production is river flow. Figure 8 shows maximum, minimum, and mean
annual flows (1,000 m3/sec) for both the Columbia River and the Fraser River. The major
difference between the two systems occurs in peak flow, a factor which has a major
influence on sedimentation in the estuary and spring outmigration. Peak flow in the
Columbia declined steadily during the 1960s and 1970s while it remained fairly constant in
the Fraser. Figure 9 shows monthly Columbia River flows from 1950 to 1978. The
spring peak declined beginning in 1975. During May and June 1985, Fisher and Pearcy
(1985) caught 113 juvenile chinook and 34 juvenile coho salmon with coded wire tags
from Columbia River hatcheries in purse seines off Oregon and Washington. During this
good survival year most of the chinook were caught within 10 km north or south of the
Columbia River, suggesting that they were associated with the Columbia River plume. The
volume and distribution of the Columbia River plume needs to be considered when trying
to understand physical effects on the survival of Columbia River salmonids.

Finally, one factor that may play an important role in determining the survival of
coastal salmonids is the number of smolts entering the nearshore ocean. For coho, the
debate has been joined for years. MeGle (1984) suggested that density-dependent mortality

occurred in times of unfavorable oceanic conditions. Nickelson (1986), in a reanaysis of



the data, concluded that marine survival of coho smolts that migrated into the OPI area was
density independent. The crux of the disagreement seems to rest on whether one assumes
mixing in the nearshore ocean of wild and hatchery coho Fresh, et al. ( 1987), suggest that
survival of hatchery and wild fall chinook in the Columbia River is density dependent. |n
the late 1960s and early 1970s, survival certainly dropped when smolt production increased
(Fig. 3). Figure 10 shows estimated OPI coho survival for hatchery and wild fish
separately as a function of total smolts produced and plotted separately for strong upwelling
and weak upwelling during the period of smolt outmigration. Taking these estimates at
face value one might surmise that smolt density affects survival of both hatchery and wild
fish under unfavorable environmental conditions but not under favorable environmental
conditions. Furthermore, it appears that hatchery fish are much more severely affected
under unfavorable environmental conditions than wild fish. This tends to partially
corroborate the recent work of Peterson and Black ( 1988), who hypothesize that
individuals previously stressed (e.g., hatchery fish) may be more susceptible to subsequent
density-dependent mortality following an additional physical stress (e.g., unfavorable early
ocean environment).

To summarize, there is evidence that Columbia River salmonid production responds
to large-scale regional or global environmental factors. The major shifts in North Pacific
salmonid production in the ;mid- 1970s-increases at the northern extremes of the range
(e.g., West Coast)--and the coherent spike of increased coastal production for coastal
salmonids entering the ocean in fall 1984 and spring 1985 seem to bear this out.

Our conceptual model of Columbia River salmonid production is driven by:

(a) The timing of the spring and fall nearshore ocean transitions and the intensity of
coastal upwelling in the spring and summer.

(b) Coastal circulation and the input of subarctic water on the continental shelf.

(¢) Thetiming and magnitude of Columbia River peak flow and the structure of the

Columbia River plume.



(d) The timing, magnitude, and dynamics of the entry of hatchery and wild smolts

into the highly variable nesat-shore ocean environmen.
OBJECTIVES

It is quite clear in our minds that survival of Columbia River salmonids is strongly
influenced by both abiotic and biotic conditions occurring at the time of the entry of
juveniles into the ocean. Environmental driving variables appear to affect samonid stocks
from California to Alaska and occur on both annual and decadal time scales. In addition,
depending on environmental conditions, the number of fish released into the ocean could
affect Columbia River sdmonid survival. Recent cooling in the northern hemisphere
indicates that areversal of the trend evidenced in the mid- 1970s may now be occurring.
Therefore, any experiments now being conducted which require estimates of surviva to
adult for their evaluation must take into account the effects of conditions occurring at the
time of ocean entry in order to be evaluated in a meaningful and unbiased fashion.

Much of what is proposed herein is a continuation and refinement of what was
started in this preliminary study. In particular, we propose the following objectives to
future study.

Objective 1. Construct and update time series of survival of chinook
salmon from Columbia River hatcheries as well as other hatcheries from
California, Oregon, Washington, and British Columbia. Data from 1985 and on
release years will be particularly important for clarifying our conceptual model. This set of
estimates must be comprehensive both over time and space. Of particular importance are
the development of coast-wide comparable and unbiased estimates of survival of wild
chinook and coho salmon. At the present time, these estimates, when available, are highly
variable.

Objective 2. Correlate interannual trends in survival among
geographic regions, stocks, smolt outmigration timing, and ocean migration

patterns. These correlations will help to determine if, over the relevant time frame for the
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smolt physiology experiments currently being supported by BPA, major changes in
survival occurred on a large-scale regional basis. Chinook stocks, similar to those being
experimented on, will be monitored from California to British Columbia.

Objective 3. Correlate trends in survival with environmental
variables such as upwelling intensity, spring-fall transition dates, Columbia
River flow and plume structure, and smolt releases. These correlations will
advance research attempting to uncover biophysical mechanisms occurring in the oceans
which have mgjor impacts on the survival of juvenile sdmonids and resultant production of
adult salmonids to the Columbia River system, partly managed by BPA.

Objective 4. Relate interannual trends in survival with size at age
and time of ocean entry of age groups within and among stocks to elucidate
variations in growth rates that may be correlated with regional ocean
conditions and interactions among stocks. Of particular importance here is the
attempt to join together bottom up field and experimental work on juvenile salmonids and
their early ocean environment conducted during the early 1980s with the top ;down
correlative approach carried out under Objectives -3 above over a much longer time period
( 1960 to present).

Objective 5. Integrate our understanding of the early ocean survival
dynamics of Columbia River chinook salmon into a numerical simulation
model which takes into account biotic and abiotic factors. This model will
explore management aternatives (hatchery release strategies, harvest management options),
which attempt to achieve the stated objectives and goals of the NPPC Columbia River
Basin Fish and Wildlife Program. Specific management alternatives to be addressed are:

(a) Hatchery release strategies which reflect variations in carrying
capacity of the early ocean environment.
(b) Hatchery release strategies which do not limit survival of wild

salmonids.
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(c) Harvest strategies which effectively utilize adult enhancements
resulting from the Plan while not limiting production in other
parts of the system.

Objective 6. In collaboration with the Southwest Fisheries Center,
National Marine Fisheries Service, explore the possibility of using satellite
imagery to determine optimal time of release of chinook salmon smolts
from Columbia River hatcheries (see Appendix I). Of particular importance will be
the integration of satellite imagery datawith the intensive fidld data collected by OSU
during the early 1980s. It will provide the synoptic views of the surface ocean
environment that simply cannot be provided by at-sea sampling. In addition, the at-sea
sampling, although discrete in time, will provide important ground truth for the satellite
information.

EXPERIMENTAL APPROACH

The experimental approach is fairly completely described under Objectives. Much
of the work is arefinement and extension in time of the work described in Background
Results. Particular attention will be paid to the survival time series of the chinook salmon
stocks being studied in the ongoing physiology studies. No field sampling will be
undertaken under the proposed study. However, it must be emphasized that in order to
attribute either ocean environment or, for that matter, smolt physiology effects to resultant
survival to adult for these stocks, tagging must be both comprehensive and representative
so that survival from release to adult can be accurately and precisely estimated. These
issues are addressed in the accompanying research plan by Schiewe, et al,

ANTICIPATED BENEFITS

If done correctly, this research program should allow an accurate assessment of

certain aspects of smolt quality and early ocean environment on Columbia River adult

salmonid production. These results will be invaluable to the development of an
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understanding of the achievability of the heretofore untested salmonid production goals of

the Columbia River Basin Fish and Wildlife Program.
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Table 1.

Groups for which between-brood comparisons of survival were made,

GROUP CODE RUN REL. MONTH SIZE COMMENTS
Releases near S a n Francisco Bay SF1 Fall July-Aug 20-5871b Mo inriver catch Ol escape. deta
Releases near San Francisco Boy SF2 Fali Oct -Nov 4. 5-20/1kL Ho imriver caetch 0r emcape. dote
Iron Gate Hatchery <(Kleamath River) IGH Fal | Oct-Haov 7. 2-11.0/7ib Complete data ¥ I
Trinity River California TRF Fall Sept -Now 7.0-16.971b Complete dete¥® v
Trinity River California TRS Spring Sept-Hov 7.0-13.6/1b Ocean recoveries only
Chetko River Oregon CHT Fall Sept-lHov 9. 5-1S5.5/71b H o hetchery egcape. data
Rogue River Oregon RO Spring Sept ~-Oct S5.2-12.371b Cowplete date
Anaedromous, Inc. Coos Bay Oregon ANAD Spring Aug-Sept 7.8-17.4/1b Complete data
El k River Oregon ELK Fall Sept -Nov 9.3-15.8s71b Complete data
Stayton Pond Tule Chin. Willemette R STAY Fall April -June S$3-88/1b Pacific Selmon Corm date
Bonniville Tule, Columbia River 80K Fall April -June S8-10071b Pacific Salmon Corm. data
Cowlitz Tule Chin. Columbies R. caw Fall June-July S5-128/1b Pacific Salwmon Comm. data
Spring Creek Tule, Cal. River SPR Fel l Har-Hey 42-3137/106 Pacific Saelmon Corm date
Upriver Bright, Columbia River URB Fal | May-July 37-9671b Pacific Selwmon Comwm. data
Willemette River Spring Chinook wILL Spring Nov-Harch $-20/ b Pacific Selmon Comm. date
Robertson Crook Hetchery, B. C. RaB8 Fall Hey-July 65-16871b Pacific Salwmon Coma. date

* Recovery data for Klamath River system fall chinook supplied by A. Barracco,

1701 Nimbus Rd.,

Suite B, Rancho Cordova, CA 95670

California Dept. Fish and Cane,
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Table 2. Betweer— ear ran¥ crder of surwivwal of ohipcch
zsalmern relvagsed Setueserns Julyw snd December, (373 andg (7389 ot
5 larse sveraae size (4,.5-20018) st differsnt Natcheries 1o
e emErn Callformia and scuthers Qregon. = ighest
gurvival and &= lowegst surwdwsl. sHatohery BrcuR ocdes &rE
pruplained ivn Tatle ! and the actusl precent recocwesry of tags
are shcwn 1in Figurs 1.

Hatchery cr stcch group

g — ——— —— ——— — " ——— — ————— —— " ——— — T —— — ——————— —— — — —— —— ———— ———— "t

Pelease Yr SF1 3F2 IGH THAF TRS CHT RO ArPD £LK
13973 3 b 3 < 3 3 3 2 5
1380 1 3 4 % 2 2 5 3 3
1381 2 5 = 2 = ¥ 1= %5 2
1382 = s s =4 =3 s S =] s
1383 8 = 2 3 5 < 2 =3 )
1384 4 2 4 1 b b 1 b b4
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Table 3. Between-rear rarnk crder of surwiwal of chiivoar
almen released tetween 1373 and 1389 in the Coclumbiia River
wetem and ot Pocbertscn Creelk Hatchery, R.C. 1= Mighest
eurwival and 5= lowest surwival. Evcept e Millavnatte
SILLY sorimg chimcock these JQroups wuere released s
subvearling betweern May and sBugust fHatochery group codew
are peplained in Table 1 and percent mRCCcHaries & shicwn 10
Figure 2).

1]

W

Hatchery cr stach group

Pelease Y 3TAY ROM COM 3SPR  URR  WILL AOR
1373 1 1 4 2 2 2 2
1380 2 9 () 1 5 1 3
1381 = 3 2 S 1) 3 1
1382 4 S S e ] S 5
1383 2 2 3 3 X 5 S
1334 -] 8 1 1) 1 1) 1)

e o —— ——— " —" o S’ i? " S W— TS W . — N AT S A AN SR T S AL G SED M S G GHS S TR D S G A e G S G Sl SR G SER SR ML QL SR Sew ms e n SR S 558 S
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FIGURES
Figure Captions
Figure 1. Estimated survival to age 2 and total percentages of tagged fish recovered
at all ages for Columbia River and Robertson Creek (B.C.) Hatchery groups of chinook
salmon, Data source: Pacific Salmon Commission

Figure 2. Mean percentages of CWT chinook salmon recovered in ocean and river

and southern Oregon. When severa tag groups represent a brood, the average percent

recovered (each group given equal weight) is plotted. Error bars are plus or minus 95%

Figure 3. Numbers of smolts released and percent adult survival for mid-Columbia
spring chinook (Raymond 1988), Columbia River fall chinook (Fresh, et al., 1987), and
OPI coho (Nickelson 1986).

Figure 4. Sea-surface temperature off Oregon, 1930- 1983. Marsden square data
provided by A. Hollowed, NMFS, Seattle.

N, 45 deg. N, and 42 deg. N, 1967-
1987.

Figure 6. Cumulative March-September upwelling volume vs. transition date at 45
deg. N.

Figure 7. Schematic diagram of the area affected by shifting of the subarctic
boundary.

Figure 8. Maximum, minimum and mean annual flows for Columbia River and
Fraser River, 1951- 1979.

Figure 9. Monthly Columbia River flows, 1950- 1978.

OPI coho survival for hatchery and wild fish vs. total smolts

for weak and strong upwelling years.
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Fig. 1. Estimated survival to age 2 and total percentages of tagged fish
recovered at all ages for Columbia River and Robertson Creek (B.C.)
Hatchery groups of chinook salmon. Data source: Pacific Salmon

Commission.
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USE OF SATELLITE | MAGERY
TO DETERM NE OPTI MAL TI ME OF RELEASE
OF CH NOOK SALMON SMOLTS
FROM COLUMBI A RI VER HATCHERI ES
TO MPROVE SURVI VAL AND RECRU TMENT TO FI SHERI ES

This element of the proposed investigation wll evaluate the
use of satellite imagery to optimze the timng of releasing
chinook salmn snolts from hatcheries on the Colunbia Rver to
correspond with ocean environnmental conditions favorable for
their survival. Increasing the survival and subsequent
contribution of salnmon released from hatcheries to comercial and
recreational fisheries can have significant economc benefit. Up
to 90% of the salnmon caught in the waters off the Colunbia R ver
are released from hatcheries on the Colunbia River. About 60% of
the salnon caught in other areas off Oegon are from sal non
rel eased from hatcheries on other coastal rivers and streans.

While hatchery produced salnmon contribute nost of the fish
which are harvested, the percentage of released fish that are
caught is verxb low, e.g. only about 2% for Colunbia River
hat cheri es. out 98 % of salnon that are released by the
Colunbia River hatcheries suffer nortality. A mjor part of the
nortality is believed to occur in the ocean soon after the snolts
arrive there subsequent to their release from the hatcheries.

This research wll test the hypothesis that the survival of
young chinook salnon released from Columbia River hatcheries is
related to variations in characteristics and interactions of the
Columbia River plune in the ocean off the Pacific Northwest and
coastal upwel ling. The goal of the research is to ascertain if
satellite inmagery can beused to determne when ocean conditions
are favorable for young salmon so that the release of the snolts
from hatcheries may be timed for optimal survival. Even nodest
increases in survival could result in substantial increases in
sal mon availablefor harvest and have significant, measurable
econom ¢ benefits.

The investigation wll wutilize information collected durin
1979 - 1990 including (1) the numbers of chinook smolts release
from Col unbia River hatcheries,(2) nunbers of hatchery released
fish that were caught by comercial and recreational fishernen,
and other fishery statistics, (3) information on Colunbia R ver
flow, (4) spatial and tenporal variations of the Colunmbia River
plume, (5) indices of coastal upwelling, (6) coastal w nd
observations, and (7) data collected on juvenile salnon research
crui ses conducted by OSU during 1981 - 1985.

Ccean color neasurenents nade by the CZCS aboard the N MBUS-7
satellite and ocean surface tenperature neasurenents nade by
AVHRR sensors aboard polar-orbiting NOAA satellites wll be used
to determne variations in the Colunbia River plune and coastal
upwel ling. Figure 1 shows generalized winter and sunmer surface
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salinity distributions in the Columbia River plume region (from
Barnes et al, 1979) with superimposed boxes to indicate proposed
coverage of satellite imagerly. Schematic drawings of the basic
forms of the Columbia River plume based on satellite imagery and
a time-series of CZCS ocean color images during late-April - May
1982, given in Figures 2 and 3, respectively (from Fiedler and
Laurs, in review) show that there are pronounced variations in
plume structure and that dramatic changes can occur over a short
time. Figure 4 is a CZCS ocean color image observed in late-May
1982 for the region along the Pacific Northwest coast from
central Oregon to Vancouver Island, B.C. In addition to the
Columbia River plume, several other oceanic featuresare apparent
in the nearshore regime, e.g. outflow from bays, upwelled water,
eddies, etc., which may have impact on the survival of salmon
smolts.

An important task of the research will to be develop
quantitative estimates of the Columbia River plume, including its
orientation relative to the coast and 1ts areal extent.
Relationships between these estimates and winds will be examined.
We believe thata set of "indices" may be derived from the winds
which can be used to estimate characteristics of the Columbia
River plume at important SEecific times, such as the period when
smolts from a given hatchery release are estimated to have
entered the ocean, whenno satellite data are available. Figure 5
shows a time-series ok wind vectors calculated from observations
made off the Columbia River (from Fiedler and Laurs, in review).

Additional environmental data to be used in the proposed
study include Columbia River outflow at the river mouth, the
Bakun upwelling index and other estimates of ocean transport, and
buoy and ship oceanographic observations.

Relationships will be examined between variations in the
Columbia River plume and related oceanic process in the nearshore
regime and variations in survival of chinook smolts released from
Columbia River hatcheries. These relationships will be examined
in collaboration with other investigators in the proposed project
responsible for the analysis of hatcher?/, biological and fishery
data for Chinook salmon released from Columbia River hatcheries.
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